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Background: Perceived stress (PS) is a risk factor for a variety of diseases. However, relatively little is known about
age- or ethnicity-specific differences in the effect of potential predictors of PS in men.
Methods: We used a population-based survey of 6,773 White, 1,681 Black, and 617 Hispanic men in Southeastern
Pennsylvania to evaluate the relationship of self-reported PS and financial security, health status, social factors, and
health behaviors. Interactions across levels of age and ethnicity were tested using logistic regression models
adjusted for overall health status, education, and household poverty.
Results: High PS decreased significantly with age (p < 0.0001) and varied by ethnicity (p = 0.0001). Exposure to
health-related and economic factors were more consistently associated with elevated PS in all ethnicities and ages,
while social factors and health behaviors were less strongly or not at all associated with PS in most groups.
Significant differences in the relationship of high PS by age and ethnicity were observed among men who are
medically uninsured (p = 0.0002), reported missing a meal due to cost (p < 0.0001), or had spent a night in the
hospital (p = 0.020). In contrast, not filling a prescription due to cost and diagnosed with a mental health condition
were associated with high PS but did not differ by age and ethnicity subgroup.
Conclusions: These data suggest that some, but not all, factors associated with high PS differ by age and/or
ethnicity. Research, clinical, or public health initiatives that involve social stressors should consider differences by
age and ethnicity.
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There is substantial evidence from both animal and
human studies that exposure to chronic and acute stress
has negative health effects. These stressors include so-
cial relationships such as social isolation, exposures,
lifestyle, socio-economic status, and many other classes
of stressors. Selye [1] defined a variety of physiological
responses to stressors that may affect human health.
Acute adaptive responses to stressor exposure include
energy mobilization (e.g., glucose mobilization, increased
blood pressure and heart rate), cognitive and sensory* Correspondence: rebbeck@mail.med.upenn.edu
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reproduction in any medium, provided the orchanges, and a sharpening of memory. However, exposure
to stressors also confers maladaptive responses including
increased inflammatory processes, hypertension, repro-
ductive abnormalities, changes to the immune system,
and metabolic diseases. As reviewed by Antoni et al. [2],
exposure to stressors leads to physiological reactivity at a
variety of levels, including effects through endocrine (e.g.,
cortisol) also and sympathetic ganglia (e.g., noradren-
aline) pathways. Studies have connected exposure to spe-
cific stressors with negative health consequences. For
example, Berkman and Syme [3] reported that all-cause
mortality was significantly higher in those individuals who
were the least socially integrated compared to those with
the highest level of social integration. Among women ages
50–59, the relative risk associated with social integration
was doubled (RR = 2.1). In men ages 50–59, this effect wasl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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that factors associated with stress have negative health
consequences, and that some stressors may have more
deleterious effects in men than in women. Despite this
and other data, comprehensive studies of the effects of
social factors on stress in men of different ethnicities or
ages are limited.
To evaluate the role of disparities in social factors on per-
ceived stress (PS) in adult men by ethnicity and age group,
we evaluated the effect of potential correlates of PS by age
and ethnicity in a large, population-based sample of men.
Methods
The study sample for these analyses comes from the com-
bined Community Health Data Bases (CHDB) of 2002,
2004 and 2006, a biannual random digit dial telephone
survey of more than 10,000 households to examine the
health and social well-being of residents in Bucks, Chester,
Delaware, Montgomery, and Philadelphia counties in
Southeastern Pennsylvania. The survey is conducted as part
of Philadelphia Health Management Corporation’s (PHMC)
CHDB, which contains information about local residents'
health status, use of health services, and access to care.
PHMC is a nonprofit, public health organization commit-
ted to improving the health of the community through out-
reach, education, research, planning, technical assistance,
and direct services. The central component of the CHDB is
the biannual Southeastern Pennsylvania Household Health
Survey of residents in Southeastern Pennsylvania.
According to the definition provided by the CHDB, 269
neighborhoods were identified. Neighborhoods were con-
sistent across these 3 waves of data with a couple of excep-
tions where suburban neighborhoods were subdivided
from one unit into two across the waves. For the com-
bined dataset, the two neighborhoods were recombined to
the original neighborhood. The sample was stratified over
54 service areas with approximately 30,000 to 75,000 adult
residents in each recruitment area. In 2006, older persons
(60+) and Latinos were oversampled. In 2002 and in 2004,
older persons (60+) and Asians were oversampled. The
CHDB survey is designed to be representative of the
5-county region at the county and Zip Code levels. It is
designed to be representative in terms of race, age, gen-
der, poverty level, and household size (based on projec-
tions from the 2000 Census.) Weights ranging from
0.285 to 3.154 are available to adjust for sampling bias
by giving adding weight to underrepresented segments
of the population and decreased weight to overrepre-
sented segments. However, previous analyses showed
that the use of unweighted data did not substantially
change results. For these analyses, we merged the 2002,
2004 and 2006 CHDB adult datasets, comprising
roughly 30,000 individuals 18 years and older in the
269 neighborhoods. Respondents were ages 18–100(mean age = 49 years.) The survey’s response rate was
32% in 2002, 27% in 2004, and 24% in 2006.
For the present study, the subset of N= 9,071 White,
Black, or Hispanic (of any ethnicity) adult men were eligible
from among the 30,548 men and women of all ethnicities
aged 18 and over who completed the survey. Ethnicity was
determined by participant self-identification using the
CHDB questionnaire categories. All eligible men had a
value for age, ethnicity, and self-reported stress, the out-
come of interest. These men were distributed across 269
communities in the 5-county region with a slightly higher
representation from the suburban counties (Bucks, Chester,
and Montgomery) and a slightly lower representation from
the urban counties (Philadelphia and Delaware which
includes the city of Chester) than the sample as a whole.
These data were used to conduct cross-sectional
analyses of individual-level stress score with potential
individual-level stressors. Self-reported PS is a metric
devised by the CHDB to assess an overall measure of PS
in southeast Pennsylvanians. PS is assessed by a 10-point
scale, where “1” meant “no stress” and “10” meant “an
extreme amount of stress”, in answer to the question “How
much stress would you say you have experienced during
the past year?” The distribution of self-reported stress was
roughly uniform. We dichotomized the self-reported stress
to ‘0’ if the stress level was < 7 (low to moderate) and ‘1’ if
the stress level was ≥ 7 (high) in the past year.
Age was evaluated by the fill-in question ‘What is your
age please?’ Race/ethnicity was evaluated by two back-to-
back questions: ‘Are you of Hispanic or Latino origin or
descent?’ and ‘What ethnicity to you consider yourself to
be?’ with nine response options: ‘White/Caucasian, Black/
African American, Asian, Latino/Hispanic, Biracial/Mixed,
Native American/American Indian, Other, Don’t Know,
and Refused’. To be consistent with the question being
asked here, we use the terms “White”, “Caucasian”, “Black”,
“African American” and “Hispanic” throughout. Due to
small numbers, other races were not considered in the ana-
lyses presented here.
A subset of the available variables was selected to rep-
resent a variety of potential PS correlates. These vari-
ables represent socio-economic status, financial security,
health status, social factors, and lifestyle factors. First,
we evaluated three factors in each of the models as po-
tential confounder variables, which were recorded as
answers to the following questions:
1. Overall Health: Would you say your health, in general,
is excellent, good, fair, or poor? (Collapsed to 3
categories: excellent, good, and fair/poor).
2. Educational Attainment: What was the last grade of
school that you completed? (Collapsed from 5
categories to less than high school graduate
Ta
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college or more (more than 12 years of education).
3. Poverty: Living below 100%, at or above the 100%
but below 150%, or at or above 150% of the
federal poverty level was a computed variable
based on family income and number of people
living in the household or was imputed by the
PHMC using other variables if family income and/
or number of people living in the household were
missing.
Second, we considered a series of potential stressors
in broad categories that may be associated with PS,
defined by the responses to a series of questions
listed below. These include:
4. Financial Security:
a. Did you or other adults in your household ever cut
the size of meals or skip meals in the past
12 months because there was not enough money
in the budget for food?
b.Did not fill a prescription in the past year because
of cost?
c. Currently have health insurance? If yes, have
been without health insurance coverage at any
time in the past year? (Combined to Yes/No
medically uninsured currently or at any time in
the past year?)5. Health Status:
a. Have health problem or condition that requires
medical treatment or hospitalization on a regular
basis?
b.Have you ever been diagnosed with any mental
health condition, including clinical depression,
anxiety disorder or bipolar disorder?
c. How many times have you been a patient
overnight in a hospital during the past 12 months?
(Dichotomized to Yes/No In a hospital overnight
during the past 12 months?)ble 1 Perceived Stress (PS) by ethnicity and age group, sam
Ethnicity White, N (%)
Age 18-39 40-54 55-64 65+ Total 18-39 40-5
N 1876 2164 1211 1522 6773 584 513
High PS 667 (36) 717 (33) 276 (23) 172 (11) 1832 (27) 197 (34) 147 (2
Low to
oderate PS
1209 (64) 1447 (67) 935 (77) 1350 (89) 4941 (73) 387 (66) 366 (76. Social Factors:
a. How many people, including yourself, are
currently living in your household?
(Dichotomized to Yes/No Living alone?)
b.Have you been subject to any kind of physical
violence by friends, family members or
strangers, such as being shoved, slapped, beaten,
forced into sexual activity or threatened or hurt
with a knife or gun?
c. Are there any firearms, such as handguns,
shotguns, or rifles in or around your home?
7. Health Behaviors:
a. How many times per week did you participate in
any physical activities for exercise that lasted for at
least one-half hour in the past month?
(Four response categories dichotomized to Yes/No
more than 3 days/week?)
b. Have you smoked at least 100 cigarettes in your
entire life? Do you now smoke cigarettes every
day, some days, or not at all? (Combined to never,
current, or former smoker?)
Statistical methods
Estimates of association between potential stressors with
1:Yes, 0:No high perceived stress (PS) were obtained
using multivariate logistic regression models. In the first
series of models, high PS was modeled with a base
model of the main effect of ethnicity in 3 categories
(White, Black, Hispanic of any ethnicity) and the main
effect of age in 4 categories (18–39, 40–54, 55–64, 65+).
To this base model, each factor was added one at a time
to evaluate its main effect. In the second series of mod-
els, high PS was modeled by the three 2-way interactions
(factor by ethnicity, factor by age and ethnicity by age)
and the nested main effects of factor, ethnicity, and age.
In the third and last series, high PS was modeled by the
single 3-way interaction (factor by ethnicity by age) and
the nested 2-way interactions and main effects in order
to assess the significance of adding the 3-way interaction
above modeling with the two-way interactions alone. To
estimate the significance of adding a factor as a mainple size and percentage
Black, N (%) Hispanic, N (%)
4 55-64 65+ Total 18-39 40-54 55-64 65+ Total
262 322 1681 327 180 66 44 617
9) 54 (21) 43 (13) 441 (26) 109 (33) 51 (28) 22 (33) 4 (9) 186 (30)























































































































































































































































































































































































































































































































































Figure 1 Main effects of putative stressors and perceived stress, by age and ethnicity, adjusted for poverty, education, and overall
health. Groups without values indicate no odds ratio could be estimated.
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compared using the likelihood ratio test. All models
described above were adjusted for potential confounding
with overall health, educational attainment, and household
poverty level as 3-level categorical variables as described
in the Methods. In order to test the effects of each poten-
tial stressors across the age- and ethnicity-specific strata,
we identified a common reference group (i.e., White men
age 65+). This choice of reference group allowed us to
provide a consistent comparison of the effects of age and
ethnicity for all variables. The odds ratios (ORs) and 95%
confidence intervals (CIs) for each factor at each
ethnicity-age group in the third series were estimated with
white men aged 65 years or more with the lowest value of
the factor (typically ‘0:No’) as the reference category.
These ORs were graphed for a more intuitive presentation
of potential effect modification of ethnicity and age on the
association of the factor with high PS. Individuals with
missing data values were not excluded from the data set.
Instead, those individuals were removed from the specific
analyses in which the variable was included. Two-sided p-
values <0.05 were considered significant. All analyses, in-
cluding graphs, were performed in STATA (version
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Ages 40-54 Ages 55-64 Ages 65+
Did not fill prescription in the past yr because of cost? 0:No, 1:Yes
Figure 2 Adjusted odds ratio effects of potential stressors, age and e
oldest white men without the stressor. Models are adjusted by overall heal
OR is significantly different from 1.0 reference category at the p<.05 level. SResults
Table 1 presents the distribution of high PS by age and
ethnicity. High PS was reported most commonly at the
youngest ages and generally decreased with each age inter-
val in each ethnicity (p < 0.0001 overall and p < 0.0001
among Whites, p < 0.0001 among Blacks and p = 0.003
among Hispanics) in adjusted models. Unadjusted
associations were similar. High PS was most common
among Whites, with Blacks and Hispanics nearly the
same, after adjustment (p = 0.0001). In unadjusted mod-
els, the proportion of men reporting high PS was similar
in all ethnicities (p = 0.17).
Potential correlates of PS include those associated with
financial security, health status, social factors, and health
behaviors. The distribution of these variables by ethnicity
and age is presented in Additional file 1: Table S1. For
each potential stressor, we report the p-values and degrees
of freedom of the main effect overall and stratum-specific
effects by age and/or ethnicity.
As expected, many of the stressors studied here were
individually associated with PS, although there was
substantial heterogeneity in these estimates by age and
ethnicity. The main effect of each stressor is presented
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thnicity: Financial security. The reference category (OR = 1) is the
th, educational attainment, and household poverty. Asterisk indicates
ymbols denote ethnicity: ● White, ■ Black, ▲ Hispanic.
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including being uninsured, having cut a meal, not filled a
prescription. These variables were only significant stressors
in Black men over age 55 and in Hispanics ages 55–64.
Health-related stressors including having a mental health
condition or being hospitalized (except ages 40–54) were
also associated with PS in White men of all ages. White
men age 55+ experienced significantly increased PS asso-
ciated with having a chronic condition. These variables
were only associated with older age groups in Black and
Hispanic men. An exception was the association of
being hospitalized and an association with PS in
younger (18–39 year old) Black men. Finally, social factors
such as living alone (except Whites over age 65), exercise,
and smoking were not significantly associated with PS in
any age or ethnic group.
To more formally quantify differences in the relation-
ships of putative stressors on PS by age and ethnicity, we
present the odds ratios (OR) comparing each ethnicity
and age group against a common reference group
(i.e., White men age 65 and over with the lowest value of
the factor; Figures 2, 3, 4, 5 and Additional file 3: Table
S3). In general, and as denoted by an asterisk at each point
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Ages 40-54 Ages 55-64 Ages 65+
Overnight in the Hospital in the past yr? 0:No 1:Yes
Figure 3 Adjusted odds ratio effects of potential stressors, age and e
white men without the stressor. Models are adjusted by overall health, edu
significantly different from 1.0 reference category at the p<.05 level. Symbogroups were associated with increased odds of reporting
high PS compared with the reference group. In many
cases, the OR estimates were very high among those
reporting the stressor, with estimates greater than OR = 5
in many strata. The main exception is within the oldest
age group (65+), where there was only limited evidence
for associations of stressors with high PS.
With respect to financial security (Figure 2), there
were significant differences in the effect of being medic-
ally uninsured or having cut a meal in the past year due
to cost by age and ethnicity (p < 0.001 in all tests of
interaction, Table 2). Being medically uninsured was
most strongly associated with high PS among White
men at all ages, and among older middle age (55–64)
Hispanic men and older (65+) Black men. Having cut a
meal due to cost was most strongly associated with high
PS in younger (18–39 and 40–54) White men, middle
age (55–64) Hispanic men, and older (65+) Black men.
There was no significant difference in the association of
having not filled a prescription by age and ethnicity
(p > = 0.244, Table 2) and as shown in Figure 2 by ap-
proximately parallel lines.
As shown in Table 2, some associations between health
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Ages 40-54 Ages 55-64 Ages 65+
Do you have firearms? 0:No 1:Yes
Figure 4 Adjusted odds ratio effects of potential stressors, age and ethnicity: Social factors. The reference category (OR=1) is the oldest
white men without the stressor. Models are adjusted by overall health, educational attainment, and household poverty. Asterisk indicates OR is
significantly different from 1.0 reference category at the p<.05 level. Symbols denote ethnicity: ● White, ■ Black, ▲ Hispanic.
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http://www.biomedcentral.com/1471-2458/13/113ethnicity. Interactions across age and ethnicity predicting
high PS were evident for men who spent at least one over-
night in the hospital (p = 0.020). As shown in Figure 3, the
effect of overnight hospitalization was strongest in






























Ages 40-54 Ages 55-64 Ages 65+
Did you exercise more than 3x/wk in the past month? 0:No 1:Yes
Figure 5 Adjusted odds ratio effects of potential stressors, age and e
oldest white men without the stressor. Models are adjusted by overall heal
OR is significantly different from 1.0 reference category at the p<.05 level. S54) White men. Our results also show that high PS is
associated with an interaction of living with a chronic
condition with age (p < 0.009) but not with ethnicity (p
= 0.762). While the combination of all three 2-way interac-
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Ages 18-39 Ages 40-54 Ages 55-64 Ages 65+
Smoker? 1:Never, 2:Current, 3:Former
thnicity: Health behavior. The reference category (OR=1) is the
th, educational attainment, and household poverty. Asterisk indicates
ymbols denote ethnicity: ● White, ■ Black, ▲ Hispanic.
Table 2 Test of interaction of stress covariates with perceived stress (PS) by age and ethnicity, p-value and degrees of
freedom
HA: Three-Way Interactions* Two-Way Interactions* +
Main Effects with Factor
Main Effects Only
with Factor+ Two-Way Interactions*
+ Main Effects with Factor







Confounders Overall Health Excellent, Good,
Fair/Poor
– – p<0.0001, df=2
Education in years < 12, 12, > 12 – – p<0.0001, df=2
Household Proverty
as% of Poverty Threshold
> = 150%, 100 = <
150%, < 100%
– – p<0.0001, df=2
Financial Security Medically Uninsured
(past yr)
Yes, No p=0.0002, df=17 p<0.0001, df=11 p<0.0001, df=1
Missed a Meal due to
Cost (past year)
Yes, No p<0.0001, df=16† p=0.0002, df=11 p<0.0001, df=1
Did not Fill a Prescription
due to Cost (past year)
Yes, No p=0.343, df=17 p=0.244, df=11 p<0.0001, df=1
Health Status Living with a Chronic
Condition
Yes, No p=0.058, df=17 p=0.023, df=11 p<0.0001, df=1
Ever Diagnosed with a
Mental Health Condition
Yes, No p=0.364, df=17 p=0.190, df=11 p<0.0001, df=1
Overnight in Hospital
(past year)
Yes, No p=0.020, df=17 p=0.052, df=11 p<0.0001, df=1
Social Factors Subject to Physical Violence
(past year)
Yes, No p=0.503, df=16† p=0.378, df=11 p<0.0001, df=1
Live Alone Yes, No p=0.517, df=17 p=0.337, df=11 p=0.668, df=1
Firearms in Home Yes, No p=0.582, df=16† p=0.300, df=11 p=0.047, df=1
Health Behaviors Exercise more than 3x
per Week (past month)
Yes, No p=0.130, df=17 p=0.202, df=11 p=0.905, df=1
Smoker Never, Current,
Former
p=0.054, df=27 p=0.130, df=16 p=0.896, df=2
*Three-way interaction: factor by age by Ethnicity; Two-way interactions: factor by age, factor by Ethnicity, age by Ethnicity.
† Hispanic-Oldest age (65+) subgroup was dropped from the model because only “No High PS” outcome was observed.
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not. The effect of ever having been diagnosed with a mental
health condition was highly significant as a main effect
(p<0.0001) but did not differ significantly by ethnicity or age.
While the social factors (Figure 4) of subject to physical
violence and firearms in the home were associated as main
effects with increases in high PS, there was no evidence that
the effect of these potential stressors differed significantly
by age or ethnicity (Table 2). Health behaviors (Figure 5)
showed neither significant main effects nor interactions
with age and ethnicity (Table 2).
Discussion
Our data suggest that there is substantial heterogeneity
in the effect of the stressors studied here on high
perceived stress (PS) by ethnicity and age. Our results
suggest that the overall trend indicates PS diminishes
with age for most putative stressors, but that there are
substantial age- and ethnicity-specific differences inthese patterns. In general, the factors studied here were
more strongly associated with PS in White men, and
least associated with PS in Hispanic men. These results
suggest that interventions that attempt to mediate stress
or that study these stressors as disease risk factors
should be aware the age and ethnicity modulate some
(but not all) of these relationships.
We have made a number of assumptions in the model
choices we have made that could have influenced our
results. We undertook logistic models using a common
reference group to evaluate the association with PS of
each level of stressor by age and ethnicity. The relation-
ships among these variables are likely to be complex,
and the assumption of log-linearity applied here may not
be appropriate. While this study was a population-based
survey, there is the potential that the sampling design or
the low response rate led to biases in our analyses.
While our overall sample was relatively large, the sub-
group of Hispanic men was substantially smaller and it
Rebbeck et al. BMC Public Health 2013, 13:113 Page 9 of 9
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volving Hispanic men due to sample size limitations. In
addition, the response rate in some groups was low (e.g.,
< 50% of all eligible respondents). Therefore, the
generalizability of the results may be limited, and not rep-
resent the general populations from which this sample
was drawn. Despite the large size of some groups, some
odds ratio estimates were generated from smaller sample
strata, which resulted in large confidence intervals and less
stable inferences. For these groups, caution should be used
when interpreting the data. Finally, we adjusted for stres-
sors that reflect overall health status, education, and
household poverty to correct for differences among strata
that may lead to confounding. However, other confoun-
ders may be acting that were not measured in this study,
and therefore we cannot rule out the potential that some
residual confounding remains in this analysis.
Despite these limitations, there is a large literature that
supports the hypothesis that stressors have an important im-
pact on health status, and therefore differences in the rela-
tionship of these factors by age or ethnicity could (in part)
explain some health disparities. It is clear from both animal
and human studies that exposure to chronic stress and an
individual’s behavioral or physiological response to those
stressors is relevant to their health. In men, exposure to
stressors has a variety of biological effects that have an influ-
ence on health, including vulnerability to brain-dependent
and stress-related mental and physical health conditions [4],
susceptibility to frailty in aging adults [5], reproductive im-
pairment [6,7], obesity and metabolic syndrome [8], cardio-
vascular stress reactivity [9], and a variety of biomarkers of
endocrine dysfunction, inflammation or allostatic load that
are correlated with altered health and cognition [10-12]. In
addition, therapeutic interventions or altering social interac-
tions to reduce or manage stress are available [13-16]. How-
ever, the literature in these domains has generally not
explored the potential that these relationships differ signifi-
cantly by age or ethnicity. Our results suggest that the stres-
sors studied here are more likely to be associated with PS in
White men compared with Hispanic men. This may mean
that the stressors measured here are more relevant to White
men and other factors may be more relevant to Hispanic
men. However, if our data are confirmed and extended to
other phenotypes, the information provided here may assist
in developing tailored studies or strategies for the reduction
of stress-related health disparities.
Conclusions
Our results suggest that factors associated with self-
reported perceived stress vary by age and ethnicity, with
perceived stress diminishing with age. Public health and
other approaches that wish to intervene on perceived
stress and its disease correlates should account for age-
and ethnic-specific differences.Additional files
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